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ABSTRACT: 

A process and apparatus for controlling the position of a cast ingot is provided so that unwanted 
distortions of the casting are substantially avoided. The instant process and apparatus also 
permit substantially uniform heat transfer about the casting periphery. A control system for 
maintaining the casting witiiin a mold so that the casting outer periphery is substantially uniformly 
spaced from the mold inner wall comprises a casting supporting mechanism adjacent the mold 
exit and non-thermal position detectors. 
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® Apparatus and process for casting molten metal. 

@ An apparatus and a process for casting molten metal are 
provided having means for controlling and adjusting the 
position of a cast ingot (26). 

Position detectors (60^) located on opposed sides of 
the casting periphery measure the distance between the 
outer Ingot periphery (64) and the inner mold wall (14). The 
detectors generate signals (P,. P,) indicative of the distance. 
The signals (P,. Pj) are fed to a comparator (74) and to 
adjusting mechanisms (34). 

If the first signal (Pi I is different from the second signal 
(Pa) the posHion of the ingot (26) is adjusted by adjusting the 
support devices (32b). 
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APPARATUS AND PRCXZESS FOR CASTING SOLTEK METAL 

The invention herein Is directed to an apparatus 
and process for controlling the position of an Ingot 
within a mold during continuous or semi -continuous 
5 casting of a molten metal or metal alloy. 

Many typ^s of direct chill, continuous or semi- 
continuous, vertical and/or horizontal systems for 
casting metal or metal alloys are known in the prior 
art. Such casting systems are exemplified by those 
•shown in U.S. Patent Nos. 3,565,155 and 3,6o8,6l4 and 

10 Canadian Patent No. 915,381. When using such a casting 
system, unwanted distortions to the shape of the ingot 
being cast frequently occur as a result of uneven heat 
transfer due to casting position within a mold, mold 
distortion and/or differential solidification shrinkage 

15 of the casting and, in horizontal casting systems, 
• gravity. As a consequence of these unwanted distor- 
tions, the cast ingot may exit the mold at an- angle to 
the casting axis or the ingot center line may not be 
coincident with the mold cencerllne. This may lead to 

20 periodic angle changes,* which are known as huniping, 
when the ingot contacts the casting conveyance xecha- 
nisms. Furthermore, the cast ingot may have poor 
surface quality as a result of drag marks, longitudinal 
cracking of the surface and aiecal breakthrough. 

25 Excessive mold wear say also occur. 

One approach used in the prior art to deal with 
these problems focuses on the maintenance of a 
substantially uniform cooling effect on the cast 
Ingot. U.S. Patent No. 3,608,6l4 to Meier et al. and 

30 Canadian Patent No. 915,381 to Vertesi exemplify 
this type of approach. The Meier et al. patent 
discloses a casting system having a plurality of 
independent cooling chambers within a mold. The 
rate of heat transfer to each of the cooling chanbers 

35 is measured. The heat transfer rates are then 
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conpared and a carrier meaiber Is operated as a result 
of the" conparlson -to move a casting as.lt leaves the 
mold. By repositioning the exiting casting, the 
solidifying casting within the mold Is repositioned 
5 to achieve the desired uniform cooling effect. 

The Vertesl patent discloses a horizontal casting 
system and takes cognizance of the effect of gravity 
on the solidifying Ingot during horizontal casting. 
* During horizontal casting, gravity causes the 

10 : solidifying casting or ingot to shrink away from the 
top of . the mold to a greater extent than it shrinks 
away from the bottom of the mold. Different sized 
air gaps are created at the top and bottom of the 
mold wriich result , in the creation of. an uneven heat 

15 transfer effect. Vertesl" suggests two different 
methods .of dealing with this uneven heat transfer 
effect. The first method utilizes an unbalanced water 
cooling arrangeiiffint . 5n adjustable mold is located 
within a mold sleeve so as to provide a gg^p through 

20 which coolant flows between the two. The gap. at the 
top Is prefearably smaller than the gap at the bottom. 
In this manner, as coolant flows througji the top and 
bottCTL gaps, a higher coolant velocity is produced at 
the tpp than at the bottom* As a result, heat 

25 removal should be substantially uniform around the 
casting surfaces. 

The second method suggested by Vertesl utilizes 
an unbalanced lubrication system to effect the desired 
uniform rate of heat removal from the various surfaces 

30 . of the casting. E^ibrlcant is introduced into the 

bottom of the mold at a higher pressure than lizbricant 
Introduced Into the top of the mold. Vertesl suggests 
that this will tend to center the casting or ingot 
and the more uniform teat transfer effect will result. 

35 Vertesl makes no disclosure as to how he would sense 
uneven heat loss during casting. 
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A computerized approach for operating a continuous 
casting system Is disclosed In U.S. Patent Mo. 3,614,978 
to Kosco. In this approach, heat transfer In various 
zones and casting position after casting emergence from 
5 *the mold are monitored. 

In casting. It Is highly desirable that the cast 
product be free of unwanted distortions, Where 
stralghtness or a specific curvature of the cast product 
Is a primary concern, systems which utilize a heat loss 

10 type of approach do not recognize that there may also be 
non-the37mal reasons. I.e. misalignment between the 
casting support mechanism and the mold, for distortion. 
By sensing an Indirect variable such as heat loss, 
response-time Is slowed while the operator Interprets 

15 the meaning of the sensed heat loss. In situations 

where only small amounts of heat are removed through the 
mold wall, sensing heat loss may not be appropriate 
since It could lead to decreased sensitivity. Further- 
more, the corrective action taScen by the operator may or 

20 may not correct the distortion problem. 

The present invention comprises an improved 
apparatus and process for maintaining a casting or 
Ingot within a mold so as to substantially avoid 
unwanted distortions and uneven heat transfer problems. 

25 The apparatus and process of the instant Invention is 
applicable to horizontal or vertical, continuous or 
semi-continuous, metal or metal alloy casting systeos. 
In a preferred embodiment, the apparatus and process of 
the ins tint Invention are used In conjunction with a 

30 horizontal slurry casting system. 

In accordance with the Instant invention, casting 
or ingot position within a mold is maintained so that 
the casting or ingot outer periphery is substantially 
uniformly spaced from the mold inner wall. Non-thermal 

35 detecting means are provided to -sense the location of 
the casting or ingot with respect to the mold inner 
wall* If It Is sensed that the casting or ingot is out 
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of aliszunent^* ^ casting support means external to the 
mold Is used to reposition the casting or Ingot within 
the mold. By sensing the actual position of the 
casting or Ingot within the mold^ the operator Is 
5 capable of promptly responding' to those conditions 

which would ordinarily cause distortion of the casting 
or Ingot. 

Accordingly, It Is an object of this Invention to 
' provide a process and apparatus for casting an Ingot 
10 : with substantially no unwanted distortions • 

It Is a further object of this Invention to 
provide a process and apparatus as above having 
substantially uniform heat transfer about the Ingot 
periphery. 

15 - These and other objects will become more apparent 
from the following description and drawings. 

Fjnbodlments of the casting process and apparatus 
according to this invention are shown in the drawings 
wherein like numberals depict like parts • 

20 Figure 1 is a schematic representation la partial 

cross section of an apparatus for casting la a 
horizontal direction Incorporating the Instant 
invention. 

Figure 2 is a cross-sectional view of a mold 
25 wherein the solidifying casting or ingot is out of 
alignment with the casting axis. 

Figure 3 is a cross section of the apparatus of 
Figure 1 along the lines ni-III in Figure 1. 

Figure 4 is a schematic representation of a 
30 . conti-ol system for operating the apparatus of Figure 1 
la accordance with the instant invention. 

Figure 5 is a schematic representation of an 
alternative embodiment of a control system for 
operating the apparatus of Figure 1 la accordance 
35 trith the instant invention. 
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Figure 6 Is ^ schematic representation In partial 
cross section of an apparattis which Incorporates the 
Instant invention for casting a thixotropic semi- 
solid metal slurry in a horizontal direction. 
5 This invention is principally Intended to provide 

a control system for the maintenance of casting or 
ingpt position with respect to the mold during 
continuous or semi-continuous casting. By maintaining 
the casting or ingot in a desired position, unwanted 

10 distortions should be avoided and surface quality 
should be enhanced. A casting product having no ' 
unwanted distortions and Inmroved surface quality is 
highly desirable, from an economic standpoint since 
waste is reduced. It is also higjily de'sirable from 

15 the standpoint that unwanted distortions which may 
cause excessive mold wear by creating uneven heat 
transfer about the product and by producing contact 
between the product and the mold may be avoided. 

Referring now to Figures 1 and 3, an apparatus 

2Q 10 for continuously or semi -continuously casting 
metal or metal alloys is shown. Molten material is 
supplied to a mold 12 adapted for such continuous or 
semi-continuous casting- Hold 12 may be formed in 
any suitable manner of any suitable material such as 

25 copper, copper alloy, aluminum, aluminum alloy, 

austenitic stainless steel or the like, ae mold may 
'have any desired cross-sectional shape. As shown in 
* Figure 3, mold 12 Is preferably cylindrical in nature 
and has inner 14 and outer 16 walls. 

30 The molten material is supplied to mold 12 through 

supply system 18. The molten material supply system 
comprises the partially shown furnace '20, valve 21, 
trough 25, tundish 22 and control system 23. Molten 
material may be supplied directly from furnace 20 

35 into trough 25 having a downspout and valve 21. Ihe 
molten material is then supplied to the tundish 22 
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through the downspout.. Any suitable control system 
23 may be provided to control the flow of molten 
* material from furnace "20 Into the tundlsh and to 
control the hel^t of the molten material In the " 
5 - tundlsh. Alternatively^ molten matex*lal may be 
supplied directly from the furnace Into the trough. 

Ibe molten material exits from tundlsh 22 
horizontally via conduit 24 which Is. In direct 
communication with the Inlet to mold 12.' Within 

10 . mold 12^. a solidifying casting or Ingot 26 Is formed. 
As used herein, the word Ingot Is Intended to Include 
a bar, a strand, a rod, a wire, a tube, etc. Bie 
•solidifying Ingot 26 Is withdrawn from mold 12 by a 
withdrawal mechanism 28. The withdrawal mechanism 28 

15 provides the drive td the casting or Ingot 26 for 
withdrawing It from the mold section. ■ The flow rate 
of ro3lten material into mold 12 Is controlled by the 
extraction -Of casting or Ingot 26. Any suitable 
conventional arrangemnt may be utilized for 

20 withdrawal irechanlsm 28. 

Adjacent the exit 30 of mold 12, a plurality of 
devices 32 are located to provide sic)port to the 
Ingot 26 as it is withdrawn from mold 12 and to 
position the solidifying ingot 26 within mold 12. In 

25 a preferred eshodlment, the siroport devices 32 
comprise a plurality of rollers spaced about the 
periphery of the ingot. When the ingot being 
produced has a- circular cross section, it 'is preferred 
that the rollers be spaced at 120**. angles about the 
'30 . periphery of the ingot. In lieu of rollers, support 
devices 32 may cocmrlse any suitable rest or 
mechanical support device.' It is also preferred thai: 
at least some. If not all, of the support devices 32 
be adjustable* ' The support devices 32 may be * 

35 provided with any suitable adjustment mechanism 34 
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such as a piston and cylinder arrangement, rack and 
pinion arrangement, etc. In the embodinent of Figure 
1, lower support mechanisms 32b are adjustable. 

. A cooling manifold 36 Is arranged clrcumferentlally 
5 around the outer mold wall 16. The particular manifold 
shovn Includes a first Input chamber 38 and a second 
chaimber 40 connected to the first Input chamber by a 
narrow slot 42. A coolant Jacket sleeve formed 
from any suitable material Is attached to the manifold 

10 36. A discharge slot 46 Is defined by the gap between 
the coolant Jacket sleeve 44 and the outer mold wall 
16. A uniform curtain of coolant, preferably water. 
Is provided about the outer mold wall 16. The coolant 
serves to carry heat away from the molten metal via 

15 the Inner mold wall 14. The coolant exits through 
slot 46 discharging directly against the solidifying 
In^Jt. A suitable valvlng arrangement 48 is provided 
to control the flow rate of the water or other coolant 
discharged in order to control the rate at which the 
• 20. metal or metal alloy solidifies. In the apparatus 10, 
a manually operated valye 48 is shown; however, if 
desired, this could be an electrically operated valve 
or any other suitable valve arrangement. 

The molten metal cr metal alloy which is poured 

25 into the mold 12 is cooled under controlled conditions 
by means of the water flowing over the outer mold 
wall 16 from the encompassing manifold 36. By the 
controlling of the rate of water flow along the mold 
wall 16, the rate of heat extraction from the molten 

30 metal within the mold 12 is partially controlled. 

Mold 12 is also provided with a system for 
supplying lubricant to the inner mold wall 14. The 
lubricant helps prevent the metal or metal alloy 
from sticking to the mold and assists in the heat 

35 transfer process by filling the gaps formed between 
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the mold and the solidifying Ingot as a result of 
solidification shrinkage.' The lubricant sx^ply 
systen coc^srlses a passageway 50 within the mold 12 
connected to a source of lubzrlcant not shown by a ' 
5 pump 51 J valvlng arrangesient 52 and conduit 5*^. 
Valvlng arrangeinent 52 may comrlse any suitable 
valvlng arrangement such as a manuaX valve, an 
electrically operated valve etc. Passageway 5Q is 
arranged circumferentially around "the inner mold wall 

10 ' l^l- The passageway 50 has discharge slot 56 which " 
discharges the lubricant into the molten metal or 
metal alloy. The lubricant may conprise any suitable 
material and may be applied in any suitable form. 
In a preferred embodiment of the invention, the 

15 lubricant con?>rises rapeseed oil provided in fluid 
fozm. Alternatively, the lubricant may conprise 
powdered graphite, hlgh-temerature silicone, castor 
oil, other vegetable and animal oils, esters, 
paraffins, other synthetic liquids or any other 

-20 suitable lubricant typically utilized in the casting 
- arts. Purtherraore , if desired, th^ lubricant may be 
injected as a powder which iselts as soon as it comes 
into contact with the molten metal. 

During horizontal casting, problems arise due to 

25 the adverse effect of non-uniform forces, primarily 
gravity, over the casting cross section. After 
"solidification shrinkage, the solidifying casting or 
ingot 26 tends to sag towards the bottom of the 
casting mold. As a result, the heat transfer rate 

30 becomes non-uniform about the periphery of the' 

casting* While the reason Tot the non-uniforsi heat 
transfer rates is not fully understood, it Is 
believed to be in part due to the forcing of the 
lubricant as a vapor film to the top of the mold« 

35 ' This problem is shown in Figure 2^ The heat transfer 
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at the top of the mold Is t)elieved to be greatly 
different from that at the bottom because of the 
different thicknesses of lubricant vapor film. This 
. adverse effect leads to changes in surface quaJLity as 
5 a result of sweating at the top ingot surface due to 
poor heat transfer and drag marks or longitudinal 
cracking of the bottom ingot surface. In addition to 
these surface defects, the tendency to sag can create 
unwanted distortions in the ingot by causing the 

10 ingot to exit misaligned with respect to the casting 
axis 58r* !U.saligniaent betweeh the ingot and the 
support and withdrawal mechanisms can lead to periodic 
angle changes. 

The instant invention substantially eliminates 

15 these problems by providing adjustable means for 
si:?)porting the ingot adjacent the mold exit 30. 
These ^adjustable simport means also fimction to 
position the solidifying ingot 26 within the mold 12 
so that the outer periphery of the ingot is maintained 

20 siH)stantially tmiformly spaced from the inner mold 
wall 14. By using adjustable support means, the 
problems associated with support mechanisms that are 
aligned and fixed prior to casting. are avoided. 

To control the adjustable support means, the 

25 »old 12 is provided with non-thermal position detectors 
60 and 62. The position detectors measure the 
distance between the outer ingot periphery 64 and 
the inner mold wall 14. Detector 60 measures the 
distance between a point 66 on the ingot periphery* 

30 and a point 68 on the mold wall and generates a first 
signal representative of the measured distance. 
Detector 62 measures the distance between a point 70 
on the ingot periphery and a point 72 on the mold 
wall and generates a second signal Pj representative 

35 of the measured dist*ance.' In a preferred arrangement. 
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detectors 60 and 62 are located on opposed sides of the 
casting periphery. As shown In Figures 1 and 3, 
detectors 6o and 62 are preferably located at the top 
and the bottom of mold 12. Alternatively, any suitable 
5 number- of detectors and any suitable arrangement of the 
detectors may be used. 

Detectors 60 and 62 may comprise any suitable non- 
thermal detecting means such as an indirect— Inductive 
. sensor^ a capactlve sensor^ optical detector, ultrasonic 

10 detector, etc. The first signal Px from detector 60 
and the second signal F2 from detector 62 are fed to a 
comparator 7^. ^ Is different from P2, a signal is 
sent to the adjusting mechanisms 34 to adjust the 
position of -the ingot 26 within the mold 12 by 

15 adjusting the support devices 32b. When the ingot 26 
has been moved so that Pi equals P2j the ingot 26 is in 
the proper position and no further adjustment is 
required. Comparator 74 may comprise any conventional 
comparator known in the art. 

20 Alternatively, detectors 60 and 62 may comprise 

two multl*tum coils each having a few hundred turns 
wound on a ferrlte core. The two multi-turn colls 
can be series connected and serve as the inductive 
element in a parallel LC resonant circuit not shown. 

25 The inductance L and the capacitance C should be 
selected so that the frequency of oscillationt 
.preferably about 50 KHz, produces a magnetic field 
with a skin depth approximately twice as deep as the 
largest surface imperfection. The voltage across 

30 each Inductor can then be sensed using differential 
amplifiers 76 as shown in Figure 5. The voltage drop 
across one of the Inductive detectors can serve as 
the set point and the other as the feedback signal for.* 
a controller 78. The controller 78 may comprise a 

35 proportional integral derivative (PID) controller. 
' In lieu of a PID 
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controller, a balancing aiirollfler may be used for 
controller 78* Ihe output of the controller would 
then drive adjusting mechanisms 3^ to operate the 
suppoz^t devices until the voltage drops across the" ' 
5 Inductors are equal* When the voltage drops across 
the inductor are equal, th'e ingot 26 is at its 
desired position within mold 12. With this type of 
arrangement, the smaller the sensor to ingot distance, 
* the lower the voltage. Excellent system sensitivity, 

10 . of the order of01< to If of the sensor to ingot 
distance, should be obtainable in this manner. 

In the instant invention, it is desirable that 
the detectors 60 and 62 be mounted within the mold 
thickness and be positioned at or near the mold exit 

15 30- By mounting the detectors oO and 62 within the 
mold itself, the detectors are rigidly coupled, to the 
casting mold so that changes in mold dimensions, as a 
result of varying themal conditions presented by 
casting speed and incoming metal ten^ierature changes, 

20 ' do not affect the measurements. Likewise, the 

measurements are not affected by casting speed changes 
and vairying metal temerature changes which affect 
cast bar size. Alternatively, detectors 60 and 62 may 
be mounted on either the inner 14 or outer 16 mold 

25 walls. 

By sensing actual Ingot position within the mold, 
* a prompter response to the tendency of the ingot to 
sag can be effected^ As a result, unwanted distortions 
of the ingot should be avoided and uniform heat 

30 . transfer about the ingot periphery should be 

substantially majjatained. .There should also be 
substantially no misalignment relative to the casting 
axLs« It should be noted that by using this type of 
arrangement, the initial allgmnent of the support 

35 mechanisms may be readily adjusted. Furthermore, ingot 
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26 should have lB?>roved surface quality since the 
likelihood of sweating at the top due to poor heat 
transfer and the likelihood oT drag laarks or 
longitudinal cracking at the bottom are decreased 
5 because concentricity between mold 12 and Ingot 26 
should be substantially maintained* 

Ttie sensing and support arrangement of the 
instant Invention Is particularly adapted for use with 
the 'apparatus 80 shown In Figure 6 for horizontally 
10 casting a thlxotroplc seml-solld metal slurry. The 
apparatus 80 of Figure 6 Is substantially that shown 
and described In European Patenjt. topllcation No. 82.1o6.555.4 
filed July 21, 1982 for a HOLD FOR USE IB METAL OR METAI. 

CASTING SYSTEMS AND PROCESS FOR MIXING A MOLTEN -METAL 
3^5 OR METAL ALLOY, which Is hereby Incorporated by reference. 

^ l!he apparatus 80 of Figure 6 Is substantially 

the same as the apparatus 10 of Figin:^ 1. It differs 
from the apparatus 10 In that a magnetohydrodynaaic 

20 stirring systeza is provided to stir the molten metal 
or laetal alloy irithln the mold 12' to form a desired 
thlxotropic slurry and In that the mold. 12^ has an 
Insulating liner 90 adjacent the mold entry and an 
Insulating band 92 motmted on the outer mold wall la*. 

25. 'Oje magnetohydrodynaznlc stirring system coisprises a 
tvo pole multi-phase Induction motor stator 82 
surrounding the mold 12* • Cie stator 82 Is cos£>rised 
of Iron laminations 84 about which the desired 
windings 86 are arranged in a conventional manner to 

30 px?efsrably provide a three-phase Induction motor 
stator. %e motor stator 82 is mounted within a 
motor housing Although any suitable means for 
providing power and current at different frequencies 
and magnitudes may be used, power and current are 

35 preferably supplied ta stator 82 by variable frequency 
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generator 88« 

It Is preferred to utilize a two pole three-^ 
phase induction motor stator 82." "One advantage of 
the tKo pole motor stator 82 is that there is a 
5 non-zero field across the entire cross section of the 
mold 12'. Therefore, it is possible to solidify a 
casting having a desired slurry cast structure over 
its full cross section. 

The insulating liner 90 and insulating band 92 are 

10*. provided to postpone and control the initial 

solidification of the molten metal until the molten 
metal is in the region of a strong magnetic stirring 
force. As a result, the slurry cast ingot 26 » should 
have a degenerate dendritic structure throughout its 

15 cross section even xro to its outer periphery- 
The mold 12 » of the apparatus 80 has been 

... modified to incorporate detectors 6o» and 62» in the* 
manner discussed previously. Apparatus 80 has also 
been provided with support devices 32» and 32b » and 

20 adjusting mechanisms 34' • The adjusting nechanlsms 
and support devices are operated by the detectors 60» 
and" 62' in the manner described hereinbefore. 

The magnetic stirring force generated by the 
magnetic field created by stator 82 extends generally 

25 tangentlally of inner mold wall lft» • This sets up 
within the mold cavity 96 a rotation of the molten 
metal which generates a desired shear for producing 
the thixotropic slurry The magnetic stirring 
force vector is normal to the heat extraction 

30 direction and is, therefore, normal to the direction 
of dendrite growth. 3y obtaining a desired average 
shear rate over the solidification range, i.e., from 
the center of the slurry to the Inner mold wall 14', 
iuqp roved shearing of the dendrites as they grow may ' 

35 be obtained* 
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To fom a slurry casting or Ingot utilizing 
the apparatus 8o,' molten metal Is poured into mold 
cavity 9^ while motor stator 82 'is energized by a 
suitable three-phase AC current of a desired magnitude 
5 and frequency. After the molten metal Is poured into 

the' mold cavity. It is stirred continuously by the 
. rotating magnetic field produced by stator 82. 
Solidification begins from the mid wall lU» . The 
highest shear rates are geneirated at* the stationary 

10 mold wall l4* or at the advancing solidification front. 
By properly controlling the rate of solidification by 
any desired means as are known in the prior art> the 
desired thixotroplc slurry S is formed in the mold 
cavity 96. As a solidifying shell is formed on the 

15 ingot 26* , the withdrawal mechanism 28^ Is operated to 
withdraw Ingot 26* at a desired casting rate. 
Detectors 60* and 62* sense the position of ingot 26* 
within the mold 12* and operate adjusting mechanisms 
34* to position si^port means 32* and 32b* so that 

20 concentricity of the ingot 26* and mold 12* are. 
maintained. 

As used herein, the term slxxrry casting refers 
to the formation of a semi -solid thixotroplc metal 
slurry directly into a desired stznicture such as a 
25 billet for later processing or a die casting formed 
from the slurry. 

Wille the Instant invention has been shown in 
conjunction with horizoatal casting systems, it may 
also be used as part of a vertical casting system 
30 . where It is desired that substantially tmlform heat 
transfer aboxxt the casting periphery occur and that 
casting stralghtness be enhanced. 

Solidification zone as the term is used In this 
application refers to the zone of molten metal or 
35' slurry in' the mold where solidification is taking place 
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Magnet'ohydrodynamlc as the term Is used herein 
refers to the process of stirring molten metal or 
slurry using a moving or rotating magnetic field* The 
magnetic stirring force may he more appropriately 
referred to as a magnetomotive stirring force which * 
Is provided by the moving or rotating magnetic field 
of this Invention* 

/The process and apparatus of this Invention are 
applicable to the full range of materials as set forth 
In the prior casting art Including, but not limited" to, 
aluminum and Its alloys, copper and Its alloys, and 
steel and Its alloys. 

The p^ttents and patent application set forth In 
this specification are intended to be incorporated by 
reference hereln- 

-It is apparent that there has been provided in 
accordance with this Invention a cast ingot position 
control process and apparatus which fully satisfies 
the objects^ seans, and advantages set forth herein- 
before. While the invention has been described in 
combination with specific embodiments thereof, it is 
evident that many alternatives, modifications, and 
variations will be apparent to those skilled in the 
art in light of the foregoing description. Accordingly, 
it is Intended to embrace all such alternatives, 
edifications, and variations as fall within the spirit 
and broad scope of the .appended claims. 
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CLAIHS ;- 

• 1. * An apparatus for casting laolten metal 
con^rlsing: 

a mold surrounding said molten metal to effect 
heat transfer and thereby form a casting having an 
5 outer periphery; 

said mold having inner and outer walls, a thickness 
defined by said Inner and outer walls, and an exit 
through which said casting passes; and 

means -for maintaining said casting within said 
10 . mold so that said casting outer periphery is 

stibstantially uniformly spaced from said inner wall, 
said maintaining means comprising: 

means for supporting said casting adjacent said 
mold exit; 

15 first non-thermal detecting means for sensing a 

first distance between a first point on said casting 
outer periphery and a first point on said inner wall 
and for generating a first signal indicative of said 
first sensed distance; 

20 second non-theraal detecting means for sensing a 

second distance between a second point on said casting 
outer periphery and a second point on said inner wall 
and for generating a second signal indicative of said 
second sensed- distance area; 

25 means for comparing said first and second signals 

and for generating a control' signal to operate said 
support means to position said casting so that said 
first and second distances are substantially equal 
whereby unwanted distortions of said casting should 

30 be substantially avoided and substantially uniform 

heat transfer about the casting periphery should occur, . 



0077950 

J.a: Dantzig 6-1-1 

- 18 - • ' 

2.. The apparatus of claim 1 further coup rising: 
said first non-thermal detecting means being 

located In a position opposed to the position of the 

second non-thermal detecting means. 

3* The apparatus of claim 2 further comprising: 
said first and second non-thermal detecting means 

being located adjacent said exit and within said mold 

thickness. 

OSie apparatus of claim 1 further coE5)rlslns: 
said mold haiving a longitudinal axis; 
said casting having a longitudinal axis; -and 
both said axes being oriented in a substantially 
horizontal direction. 

5« The apparatus of claim 1 wherein said casting 

support means cosprlses: 

means for contacting said casting periphery; and 
means for adjusting said contacting means, said 

adjusting means being responsive to said control 

signal. 

6. The apparatus of claim 5 wherein said contacting 
means con?>rl5es: at least two rollers positioned about 
said casting periphery. 
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7. A process for casting molten n^tal con^jrlslng: 
providing a mold having Inner and outer walls, a 
thlcicness defined by said Inner and outer walls , a 
longitudinal axLs, and an ezlt; 
5 surrounding said molten metal with said mold and 

forming a casting having an outer periphery by 
transferring heat away from said molten metal and 
throu^ said mold^ - - 

passing said casting through said exit; and 
10 . maintaining said casting within said mold so that 

said casting outer periphery is substantially uniformly 
spaced from said inner wall, said step of maintaining 
comp rls ing : - " 

providing means for sraporting said casting " 
15 adjacent said mold exit; 

-providing first and second non-thermal detecting, 
means; 

sensing a first distance between a first point on 
said casting outer periphery and a first point on said 

20 inner wall with said first non-thermal -detecting means 
and generating a first signal indicative of said first 
sensed distance; 

sensing a second distance between a second point 
on said casting outer periphery and a second point on 

25 said inner wall with said second non-thermal detecting 
means and generating a second signal indicative of 
said second sensed distance; 

coii^>aring said first and second signal and 
generating a control signal for operating said 

30 supporting means to position said casting so that said 
first and second dlM;ances are substantially equal, 
whereby unwanted distortions of said casting should be 
substantially avoided and substantially unifora heat 
transfer about the casting periphery should occur • 
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8, The process of claim 7 further conorlslng: 
positioning said first nan-<thermal detecting 

means in a position opposed to the position of said 

second non-thermal detecting means. 

9J ' Tlie process of claim 8 further comprising: 
positioning said detecting means adjacent said 
exit and Within said mold thickness* 

10.: Ttie process' o^* claim 7 further coim>rising: 
said step of forming said casting conrorlslng 
forming said casting vith a longitudinal &3dLs; and 

orienting said mold so that said mold 
•longitudinal axis and said casting longitudinal axis • 
both extend in a substantially horizontal direction* 

^ 11* !i3ie process of claim 7 further comprisiag: 
said step of providing stipporting means 

comprising providing- means for contacting said casting 

periphery; and 

adjusting said contact means in response to said 

control signal. 
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